A vaccine was prepared containing the haemagglutirain and neuraminidase subunits from the A/Port Chalmers.
Introduction
Inactivated influenza virus vaccines which contain intact virus particles may produce toxic reactions when inoculated parenterally into man (Salk, 1948; Quilligan, Francis and Minuse, 1949) . This adverse toxicity can be abolished by disrupting the virus particles with ether or detergents, but such disrupted virus vaccines contain (in addition to the two surface antigens) internal components of the virus which, it is thought, play no role in the stimulation of neutralizing antibody and are therefore undesirable components of the vaccine.
We are now describing the preparation of purified haemagglutinin and neuraminidase subunits by a relatively simple method, readily adaptable to largescale production, using reagents already accepted for administration to man. The immunogenicity in rabbits of the haemagglutinin (HA) and neuraminidase (NA) is described and some unexpected findings regarding their immunogenicity in man.
Materials and methods

Virus
The Port Chalmers variant of Hong Kong influenza virus (A/Port Chalmers/1/73; H3N2) was grown in the allantoic sac of 11-day-old embryonic chicken eggs. The virus particles were purified from the infected allantoic fluid by adsorption and elution on washed chicken erythrocytes and were sedimented from the eluates by centrifugation. The virus particles were purified further by sedimentation through a sucrose gradient (10-40%Y sucrose in 0-15 mol/l NaCl, 001 mol/l sodium phosphate pH 7 2) as described (Laver, 1969) , and finally suspended in 0-15 mol/l NaCl or a solution containing 200 ammonium chloride and 0.01 mol/l diammonium hydrogen phosphate (pH about 7 5).
Disruption of virus and separation of the M (matrix or membrane) protein The purified A/Port Chalmers/1/73 virus particles, suspended in 2%/ NH4Cl, 0-01 mol/l (NH4)2HP04 at a concentration of approximately 106 haemagglutinating units (HAu)/ml were disrupted with ammonium deoxycholate. Sodium ions needed to be kept out, otherwise gelling occurred. Ammonium deoxycholate, 5°/, was added to the suspension of virus in ammonium chloride-diammonium hydrogen phosphate, with stirring at 20°C, to give a final ammonium deoxycholate concentration of 0 2%y. Sometimes transient clearing of the opalescent virus suspension occurred during the addition of the ammonium deoxycholate, but usually there was no noticeable change in the opacity of the virus suspension after addition of this detergent (virus disrupted with sodium deoxycholate, on the other hand, is almost water-clear).
The virus particles disrupted with ammonium deoxycholate were allowed to stand for about 5 hr at room temperature (200C) . During this time the membrane (M) protein flocculated and this was accompanied by a change in opalescence. The flocculated M protein was then removed by low speed centrifugation (10,000 g for 20 min at 20°C) and the supernatant was dialysed to remove the ammonium deoxycholate.
Removal of ammonium deoxycholate
The supernatant after removal of the M protein was dialysed against 2%/ NH4Cl containing 001 mol/l (NH4)2HPO4 for 48 hr at 4°C. It was then dialysed against phosphate buffered saline (PBS) (0-15 mol/l NaCl, 0 01 mol/l sodium phosphate buffer pH 7 2) for a further 24 hr. Under these conditions gel formation did not occur and the deoxycholate content was reduced to undetectable levels (Szalkowski and Mader, 1952) .
Sedimentation through sucrose
The dialysed material was centrifuged at low speed (10,000 g, 10 min) and the small amount of precipitate was discarded. The supernatant was then layered onto an equal volume of 35%/ (w/v) sucrose in PBS and centrifuged at 200,000 g for at least 6 hr. The opalescent supernatant was discarded and the clear pellet was resuspended by sonication in PBS to give an almost water-clear solution with a faint blue opalescence. This material contained the haemagglutinin and neuraminidase subunits of the virus together with the nucleocapsids and was stored frozen at -20°C, or at 4°C with sodium azide added to prevent bacterial growth. If the preparation was to be used for inoculation into man, it was treated with formaldehyde and thiomersal and safety-tested by standard methods.
Separation of nucleocapsids from haemagglutinin and neuraminidase
Nucleocapsids were separated from haemagglutinin and neuraminidase by electrophoresis on cellulose acetate or paper strips. This was done as described previously (Laver, 1964) except that the buffer did not contain any detergent.
Immunization procedures
Young adult New Zealand white rabbits were injected i.m. with varying doses of haemagglutinin plus neuraminidase (with or without nucleocapsids) and equivalent doses of intact Port Chalmers virus. All antigens were injected in saline without adjuvant. The rabbits were reinjected after 30 days and were bled at 7 day intervals and after the second inoculation.
Adult volunteers were immunized with A/Port Chalmers/73 inactivated virus vaccine and with equivalent doses of Port Chalmers haemagglutinin plus neuraminidase subunit vaccines. Sera were collected 28 days after injection of the vaccines and 7 and 28 days after a second dose of the same vaccine.
Results and discussion Disruption of virus and separation of M protein A/Port Chalmers/73 virus particles were disrupted with ammonium deoxycholate and the insoluble M (matrix or membrane) protein was removed by centrifuging.
The supernatant remaining after removal of the M protein was dialysed to remove ammonium deoxycholate and the haemagglutinin, neuraminidase and neucleocapsid antigens were sedimented through a layer of 35%o sucrose. The supernatant, which was opalescent and probably contained the lipid of the virus, was discarded and the antigens were resuspended in saline to give an almost water-clear solution with a faint blue opalescence. Examination of this material in the electron microscope showed that it contained small clusters of haemagglutinin and neuraminidase subunits and also free nucleocapsids ( Fig. 1) .
Recovery of haemagglutinin activity varied between 100 and 200°/, but haemagglutinin activity may either increase or decrease depending on the state of aggregation of the subunits (as well as the cells used in the haemagglutinin tests). Therefore these values give little idea of the recovery of HA. Single-radial-immunodiffusion tests showed 68% recovery of haemagglutinin antigen.
Recovery of neuraminidase activity in the supernatant was approximately 70%. Traces of neuraminidase only were found in the M protein precipitate, therefore it is likely that about 30%. of the neuraminidase was inactivated during the disruption process and subsequent dialysis. Single-radialimmunodiffusion tests showed 79%o recovery of neuraminidase antigen.
Separation ofhaemagglutinin and neuraminidase from nucleocapsids The nucleocapsids were removed from the clusters of haemagglutinin and neuraminidase subunits by electrophoresis on cellulose acetate strips in buffer which did not contain detergent. The nucleocapsids had a higher electrophoretic mobility at pH 9 than the haemagglutinin and neuraminidase subunits (which migrated together) and separation of the nucleocapsids from the other two antigens was obtained (Fig. 1) Fig. 2 .
At low doses of vaccine (316 HAu) those rabbits which received subunits gave the same HI antibody response as those receiving intact virus. At higher doses (31,600 HAu) there was significantly less early antibody produced by the subunits than by the intact virus, but the peak of the primary IgG antibody response was the same for intact virus and subunit vaccines.
The intact virus vaccine and the subunit vaccine also induced similar levels of antibodies to neuraminidase.
However, it has been suggested that RNA and DNA act as adjuvants in induction of immunity (Cowan, 1973) and it was therefore important to find whether the subunit vaccine had altered immunogenicity after removal of nucleocapsids.
The immunogenicity of the haemagglutinin and neuraminidase subunits (both with and without RNP antigen) was compared with that of intact A/Port Chalmers/73 virus as described above. It was found that removal of the RNP antigen from the subunit vaccine did not alter the immunogenicity of the HA and NA subunits. Addition of RNP to the HA plus NA vaccine did not change the immunogenicity of the subunits.
Immunogenicity in man of the haemagglutinin and neuraminidase subunits Adult volunteers were injected with the Port Chalmers/73 haemagglutinin plus neuraminidase subunit vaccine and equivalent doses of intact, inactivated Port Chalmers virus.
The antibody responses of these people (Table 1) showed two things. First, the response to the subunits was as high as the response to the intact virus at equivalent concentration and second, the titres of the sera to the original member of the Hong Kong (H3N2) series (A/Hong Kong/68) and the virus injected (A/Port Chalmers/74) were the same (Table 1) .
Diverse response to 'specific' and 'common' antigenic determinants on the haemagglutinin subunits Previous studies (Laver, Downie and Webster, 1974; Virelizier, Allison and Schild, 1974) have shown that the haemagglutinin subunits of influenza viruses possess at least two different antigenic determinants. Thus, the haemagglutinin subunits of influenza viruses within a major strain (e.g. H3) possess a common antigenic determinant(s) and variants within the strain (e.g. A/Hong Kong/68, A/Port Chalmers/73) possess one or more 'specific' antigenic determinants as well as the common antigenic determinant(s).
In double-immunodiffusion tests (Fig. 3) sera from rabbits vaccinated with Port Chalmers/73 haemagglutinin subunits showed clear-cut differences (spurs) between Port Chalmers/73 and Hong Kong/ 68 haemagglutinin subunits. These animals produced high levels of antibodies to the 'specific' determinants on Port Chalmers/73 haemagglutinin and low levels of antibodies to the 'common' determinant(s). On the other hand, sera from adult humans vaccinated with Port Chalmers/73 virus contained antibodies which gave a continuous line of precipitation between the haemagglutinin subunits of Port Chalmers/ 73 and Hong Kong/68 influenza viruses (Fig. 3) . Thus, in contrast to the rabbits, these people responded only to the 'common' or 'cross-reacting' antigenic determinant on Port Chalmers/73 haemagglutinin and did not respond at all to the 'specific' determinant(s).
These findings were confirmed in absorption experiments. Absorption of rabbit antisera to Port Chalmers/73 haemagglutinin with particles of Hong Kong/68 virus removed all of the antibody reacting with the Hong Kong/68 strain but left behind high levels of antibody reacting with Port Chalmers/73 (1974) .
A surprising finding was the complete absence of any antibodies to the 'specific' determinant on the Port Chalmers/73 haemagglutinin in many of the sera from people vaccinated with this antigen. In unprimed animals, the 'specific' determinant was more immunogenic than the 'common' or crossreacting determinant.
The relative degrees of protection against infection afforded by antibodies to the 'common' and 'specific' determinants is not known. If antibodies to the 'specific' determinants are more effective in protection against infection than antibodies to the 'common' determinant, then abrogation of the response to the 'specific' determinants on vaccines may render these ineffective. 
